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CLAIMS : 

What is claimed is: 



1. A variant plant acetohydrox y acid synthase (AHAS) protein comprising at 
least one mutation at an amino acid residue corresponding to an amino acid 
residue selected from the group consisting of M53, R128, 1330, and any 
combination of the foregoing, of SEQ ID NO:l, where said variant plant AHAS 
protein is more resistant to an herbicide than a wild- type AHAS protein. 7 

2. A variant AHAS protein as defined in claim 1, wherein said herbicide is 
selected from the group consisting of an imidazolinones , sulfonylureas, 
triazolopyrimidine, sulf omamides , pyrimidyl -oxy-benzoic acids, sulf amoylureas , 
sulf onylcarboxamides , and combinations thereof. 

3. A variant AHAS protein as defined in claim 1, wherein said AHAS protein is 
derived from Arabidopsis thaliana. 

4. A variant AHAS protein as defined in claim 1, wherein said substitution is 
selected from the group consisting of Met53Trp, Met53Glu, Met53Ile, Met53His, 
Argl28Ala, Argl28Glu, Ile330Phe, an identical substitution at an amino acid 
residue of another plant AHAS protein at an amino acid position aligned with 
any of the foregoing, or a combination of any of the foregoing. 

5. A variant AHAS protein as defined in claim 1, wherein said variant AHAS 
protein has catalytic activity that is more resistant to at least one 
herbicide than is wild type AHAS . 

6. A variant AHAS protein as defined in claim 1, wherein said variant AHAS has 
more than about 2 0% of the catalytic activity of wild- type AHAS. 
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7. A variant AHAS protein as defined in claim 1, wherein said variant AHAS is 
at least 2 -fold more resistant to imidazolinone-based herbicides than to 
sulf onylurea-based herbicides. 
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L2 ANSWER 1 OF 
ACCESSION NUMBER: 
TITLE: 



10 BIOTECHDS COPYRIGHT 2004 THOMSON DERWENT/ ISI on STN 
2 002-06244 BIOTECHDS 

New cyanobacterial nucleic acid fragments encoding 
acetohydroxyacid synthase (AHAS) or phytoene desaturase 
(PDS) , useful for conferring herbicide, fungicide or 
insecticide resistance; and for identifying AHAS or PDS 
inhibitors ; 

Synechocystis sp . enzyme conferring plant pesticide 
resistance 
KAKEFUDA G; KOOP H; STURNER S; ZHEN R 
AMERICAN CYAN AM ID CO 
WO 2002000915 3 Jan 2002 
WO 2000-US20338 27 Jun 2000 
US 2000-214705 27 Jun 2000 
Patent 
English 

WPI: 2002-139930 [18] 
DERWENT ABSTRACT: 

NOVELTY - New isolated and purified polynucleotides comprising a sequence 
containing 1909 base pairs (bp) (I) , 566 bp (II) or 1735 bp (III) where 
all sequences are fully defined in the specification. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for 
target site gene identification in cyanobacteria , the successful 
development of various protocols for High -Through -Put molecular 
manipulation of Synechocystis comprising: (1) lead compound 
identification; (2) generation and selection of resistant mutant; (3) 
isolation of genomic DNA from resistant cell lines; (4) primer design and 
polymerase chain reaction (PCR) amplification of gene fragments from 
Synechocystis; and (5) high throughput genetic transformation and target 
site gene identification. 

BIOTECHNOLOGY - Preferred Polynucleotide: The polynucleotide 
comprising (I) or (II) is a cyanobacterial nucleic acid fragments 



AUTHOR : 

PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 
AB 



encoding a herbicide resistant acetohydroxyacid synthase (AHAS) larger 
subunit gene. The isolated and purified polynucleotide comprising (III) 
is a cyanobacterial nucleic acid fragments encoding a herbicide resistant 
mutant phytoene desaturase (PDS) gene. The cyanobacteria is Synechocystis 
PCC 6803 . 

ACTIVITY - Plant growth protectant . 

MECHANISM OF ACTION - None given in the source material . 

USE - The isolated and purified polynucleotides are useful for 
controlling plant traits via nuclear or plastome transformation, e.g. for 
conferring herbicide, fungicide or insecticide resistance. In particular, 
these are useful in identifying novel PDS and AHAS inhibitors, and in 
plant transformations for conferring resistance and cross -resistance to 
certain bleaching herbicides and AHAS -inhibiting herbicides. 

EXAMPLE - Genomic DNA was prepared from 6 Synechocystis EMS 
resistant cell lines. A 1.7 kilo base pair (kb) Genomic DNA fragment 
encompassing the phytoene desaturase (PDS) was amplified using Genomic 
DNA as a template. Polymerase chain reaction (PCR) amplified PDS gene 
fragments were subsequently subcloned into the Invitrogen TOPO TA Cloning 
vector pCR2.1-TOPO to obtain plasmid pCR2 . 1-TOPO-PDS . Three independent 
clones were picked and sequenced using the dRhodoamine Terminator Cycle 
Sequencing Kit. The complete sequence of the novel mutant form PDS gene 
was identified as having 1735 base pairs (bp) . A probe for identifying 
the Synechocystis acetohydroxyacid synthase (AHAS) gene was generated by 
PCR with degenerate primers. A genomic library from Synechocystis PCC 
6803 in the Lambda ZAP vector was screened for the AHAS gene. The 
phagemid DNA obtained for the library screening process was labeled 
pSyn23/l. pSyn23/l was double digested with the restriction enzymes EcoRI 
and Cla I to produce a 3 kb fragment. The isolated fragment was ligated 
into pBluescript II and transformed into DH5 alpha, giving pSyn23/l-I. 
This AHAS clone was sequenced using fmol DNA Sequencing System and a set 
of eight gene- specif ic primers plus the T3 sequencing primer located in 
the pBluescript II vector. The resulting sequence of a large subunit of 
AHAS comprised 1909 bp. A Synechocystis AHAS small subunit nucleic acid 
fragment was also cloned from a genomic DNA library of 
cyanobacterium Synechocystis PCC 6803. The resultant 

Synechocystis sp . Strain PCC 6803 revealed a sequence comprising 566 bp. 
(70 pages) 

L2 ANSWER 2 OF 10 MEDLINE on STN DUPLICATE 1 

ACCESSION NUMBER: 2002327246 MEDLINE 
DOCUMENT NUMBER: PubMed ID: 12 070685 

TITLE: Biosynthesis of the branched-chain amino acids in the 

cyanobacterium Synechocystis PCC6803: existence of 
compensatory pathways. 

AUTHOR: Kouhen Odile Maestri-El; Joset Francoise 

CORPORATE SOURCE: Laboratoire de Chimie Bacterienne-CNRS , 31 Chemin Joseph 

Aiguier, 13402 Marseille Cedex 20, France. 

SOURCE: Current microbiology, (2002 Aug) 45 (2) 94-8. 

Journal code: 7808448. ISSN: 0343-8651. 

PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 
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FILE SEGMENT: Priority Journals 
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AB Complementation of an E. coli mutant auxotrophic for the branched-chain 
amino acids (BCAA) - -valine , leucine, and isoleucine- -by the ilvG gene ( 
slr2088) of the cyanobacterium Synechocystis PCC6803 indicates 
that this gene encodes an active alpha- ace tohydroxy acid 
synthase. Differences of response of the recombinants to the 
addition of the essential amino acids suggested a lower specificity for 
the initial reaction of the valine/leucine chain than for the isoleucine 
one. Inactivation of ilvG in Synechocystis led to a leaky phenotype, 



suggesting a capacity to compensate the auxotrophies by other processes. 
This observation is discussed in view of the general difficulty of 
obtaining auxotrophs in cyanobacteria . 
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SOURCE: Molecular Microbiology, 

Refs: 51 

ISSN: 0950-382X CODEN: MOMIEE 
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Journal; Article 
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English 
English 

Several characteristics identify the protein encoded by the alsS gene 
[slll981 in Cyanobase (http://www.kazusa.or.jp/cyano/cyano.html)] of 
Synechocystis PCC6803 as an acetolactate synthase. The AlsS protein is 
about 60% homologous to the AlsS from Bacillus subtilis or other bacteria. 
These enzymes condense two pyruvates to form acetolactate, implicated in 
pH homeostasis via the acetoin-2 , 3 -butanediol pathway or in valine 
biosynthesis. Transcriptional fusions revealed that alsS was induced at 
the onset of stationary phase, as in B. subtilis, a situation leading to 
an increase in the pH(out) to above 11 in Synechocystis. This is the first 
cyanobacterial gene showing a dependence on pH for its expression. 
Induction was also obtained by the presence of > 100 mM Na+, the effect 
being prevented by amiloride, in agreement with Na+/H+ exchange in the pH 
homeostasis process. Homology of the Synechocystis AlsS protein to the 
close family of acetohydroxy acid synthases 

(including one in Synechocystis) is around 30%. These enzymes are involved 
in the parallel routes for valine/leucine and isoleucine biosynthesis. No 
phenotype of auxotrophy for any of these amino acids was associated with a 
null mutation in the Synechocystis alsS gene. The AlsS enzyme did not 
complement the isoleucine deficiency of an acetohydroxy 
acid synthase-def icient Escherichia coli mutant. 
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Journal of Microbiology and Biotechnology (1997) , 
7(5), 341-344 

CODEN: JOMBES; ISSN: 1017-7825 
Korean Society for Applied Microbiology 
Journal 
English 

Batch cultures of Anacystis nidulans BD-1 resistant to azaleucine and 
f luorotyrosine produced and liberated a wide range of amino acids, notably 
glutamic acid, alanine, phenylalanine, leucine, isoleucine, cysteine and 
methionine. Sustained liberation for prolonged periods was achieved after 
immobilization on calcium alginate and the net concn. in the medium was 
0 . 18 .apprx.0.2 g 1-1. While acetohydroxy acid 
synthase in azaleucine-resistant mutant lost leucine- and 
isoleucine-sensitivity, f luorotyrosine-resistant strain turned 
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phenylalanine activating. The activities of nitrate assimilating enzymes 
were also higher in the mutants and were relaxed from ammonium- repress ion. 
The metabolic adjustments involved in amino acid overprodn. are discussed. 
REFERENCE COUNT : 17 THERE ARE 17 CITED REFERENCES AVAILABLE FOR THIS 
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De-regulated assimilation and over-production of amino 
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Mutant strains of Phormidium uncinatum resistant to f luorophenylalanine , 
azatryptophan, f luorotyrosine and azaleucine accumulated a wide range of 
amino acids, notably glutamic acid, lysine, tyrosine and phenylalanine, 
and exhibited de-regulated valine and phenylalanine transport. While 
acetohydroxy acid synthase in 

azaleucine-resistant mutants lost valine- and leucine- sensitivity , 
3 -deoxy-D-arabinoheplulosonate-7 -phosphate (DAHP) synthase and prephenate 
dehydratase in arom. analog-resistant strains became phenylalanine - 
insensitive and shikimate and prephenate dehydrogenases were activated by 
tyrosine. In addn. , activities of nitrate-assimilating enzymes were 
higher in the mutants, which also exhibited increased nitrogen, protein 
and phycocyanin contents . The proteins in the mutants were better 
digested upon enzymic -treatments and feeding trials than those of the wild 
type, indicating that they are usable as single-cell protein. 
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The enzyme acetohydroxy acid synthase (AHS) , 

which catalyses the first common step in the biosynthesis of isoleucine, 
leucine and valine, has been demonstrated to be present in Spirulina 
platensis in two isoenzymic forms. The complete nucleotide sequences of 
the genes ilvX and ilvW encoding these two enzymes have been determined. 
Sequence analysis revealed the presence of two open reading frames, of 
1836 and 1737 nucleotides for ilvX and ilvW, respectively. The predicted 
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amino acid sequences of the two isoenzymes, compared with the 
Synechococcus PCC 7942 AHS enzyme and the large subunits of the 
Escherichia coli AHSI, II, III isoenzymes, revealed a notable degree of 
similarity. A small subunit has not been identified for either of the S. 
platensis AHS isoenzymes. Analysis by Northern blot hybridization 
demonstrated that the ilvX and ilvW genes are transcribed to give mRNA 
species of approximately 2.15 kb and 1.95 kb, respectively. 
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AB Spirulina platensis is potentially useful for single cell protein 
production. The coding sequence (ilvX) for S. platensis 
acetohydroxy- acid- synthase (AHAS, 

EC-4.1.3.18) was isolated as a 4.2 kb Clal fragment from a S. platensis 
Sau3AI gene bank in phage lambda-EMBL3 in Escherichia coli HB101. This 
DNA fragment was able to complement a suitable mutant of E. coli, PS1283 
(lacking AHAS activity due to a Mu-1 insertion in the ilvB gene, a 
frameshift in ilvG and a deletion which includes ilvH) . The gene was 
expressed when inserted into the Clal site of plasmid pAT153 in either 
orientation to form plasmid pSpMl and plasmid pSpM2 , demonstrating that 
transcription of ilvX originated within the cloned fragment. The probe 
used for hybridization experiments was the corresponding gene from 
Anabaena sp . PCC7120. The same probe facilitated identification of a 
second putative gene encoding AHAS in the S. platensis gene bank. The 
ability to express a cyanobacterial enzyme in E. coli offers the 
opportunity to make use of the fast growth of the host for analysis of 
gene expression. (30 ref) 
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acetohydroxy acid synthase 
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DOCUMENT TYPE: Journal 
LANGUAGE: English 
AB Two isoforms of acetohydroxy acid synthase 

(AHAS) , the first enzyme of the branched-chain amino acid biosynthetic 
pathway, were detected in cell-free exts . of the cyanobacterium 
S. platensis and were sepd. by both ion-exchange chromatog. and 
hydrophobic interaction. Several biochem. properties of the 2 putative 
isoenzymes were analyzed. They differ for pH optimum, FAD requirement for 
both activity and stability, and for heat lability. The results were 
partially confirmed with the characterization of the enzyme extd. from a 
recombinant Escherichia coli strain transformed with 1 subcloned S. 
platensis AHAS gene. The approx. mol . mass of both AHAS activities, estd. 



by gel filtration, indicates that they are distinct isoenzymes and not 
different oligomeric species or aggregates of identical subunits. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
Two isoforms of acetohydroxy acid synthase 
(AHAS) , the first enzyme of the branched-chain amino acids biosynthetic 
pathway, were detected in cell-free extracts of the cyanobacterium 
Spirulina platensis and separated both by ion-exchange chromatography and 
by hydrophobic interaction. Several biochemical properties of the two 
putative isozymes were analysed and it was found that they differ for pH 
optimum, FAD requirement for both activity and stability, and for heat ^ 
lability. The results were partially confirmed with the characterization 
of the enzyme extracted from a recombinant Escherichia coli strain 
transformed with one subcloned S. platensis AHAS gene. The approximate 
molecular mass of both AHAS activities, estimated by gel filtration, 
indicates that they are distinct isozymes and not different oligomeric 
species or aggregates of identical subunits. 
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Growth of the cyanobacterium S. platensis, like that of many 
prokaryotic and eukaryotic organisms, is inhibited by low concns . of 
valine, one of the three end-products of the branched-chain amino acid 
biosynthetic pathway. The activity of acetohydroxy acid 
synthase (AHAS) , the first common enzyme of the branched pathways 
in cell-free exts. from axenic S. platensis cultures, was assayed and 
partially characterized. Assays performed at various pH values showed two 
peaks of activity, both inhibited by valine. FAD was not required for 
enzyme activity but protected it during dialysis. Also investigated was 
whether the three amino acids were able to cause repression of AHAS 
synthesis; a significant drop in the enzyme-specific activity could be 
seen only when cultures were grown in the presence of valine. Chromatog. 
on hydroxylapatite showed one single peak of activity. 
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TITLE: New cyanobacterial nucleic acid fragments encoding 

acetohydroxyacid synthase (AHAS) or phytoene desaturase 
(PDS) , useful for conferring herbicide, fungicide or 
insecticide resistance, and for identifying AHAS or PDS 
inhibitors ; 

Synechocystis sp . enzyme conferring plant 
pesticide resistance 

AUTHOR: KAKEFUDA G; KOOP H; S TURNER S; ZHEN R 
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APPLICATION INFO: WO 2 00 0-US2 03 3 8 27 Jun 2 00 0 

PRIORITY INFO: US 2000-214705 27 Jun 2000 

DOCUMENT TYPE: Patent 

LANGUAGE : Eng 1 i s h 

OTHER SOURCE: WPI : 2002-139930 [18] 

AB DERWENT ABSTRACT: 

NOVELTY - New isolated and purified polynucleotides comprising a sequence 
containing 1909 base pairs (bp) (I) , 566 bp (II) or 1735 bp (III) where 
all sequences are fully defined in the specification. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for 
target site gene identification in cyanobacteria, the successful 
development of various protocols for High -Through -Put molecular 
manipulation of Synechocystis comprising: (1) lead compound 
identification; (2) generation and selection of resistant mutant; (3) 
isolation of genomic DNA from resistant cell lines; (4) primer design and 
polymerase chain reaction (PCR) amplification of gene fragments from 
Synechocystis; and (5) high throughput genetic transformation and 
target site gene identification. 

BIOTECHNOLOGY - Preferred Polynucleotide: The polynucleotide 
comprising (I) or (II) is a cyanobacterial nucleic acid fragments 
encoding a herbicide resistant acetohydroxyacid synthase (AHAS) larger 
subunit gene. The isolated and purified polynucleotide comprising (III) 
is a cyanobacterial nucleic acid fragments encoding a herbicide resistant 
mutant phytoene desaturase (PDS) gene. The cyanobacteria is 
Synechocystis PCC 6803. 

ACTIVITY - Plant growth protectant. 

MECHANISM OF ACTION - None given in the source material. 

USE - The isolated and purified polynucleotides are useful for 
controlling plant traits via nuclear or plastome transformation, e.g. for 
conferring herbicide, fungicide or insecticide resistance. In particular, 
these are useful in identifying novel PDS and AHAS inhibitors, and in 
plant transformations for conferring resistance and cross-resistance to 
certain bleaching herbicides and AHAS -inhibiting herbicides. 

EXAMPLE - Genomic DNA was prepared from 6 Synechocystis 
EMS resistant cell lines. A 1.7 kilo base pair (kb) Genomic DNA fragment 
encompassing the phytoene desaturase (PDS) was amplified using Genomic 



DNA as a template. Polymerase chain reaction (PCR) amplified PDS gene 
fragments were subsequently subcloned into the Invitrogen TOPO TA Cloning 
vector pCR2.1-T0P0 to obtain plasmid pCR2 . 1-T0P0-PDS . Three independent 
clones were picked and sequenced using the dRhodoamine Terminator Cycle 
Sequencing Kit. The complete sequence of the novel mutant form PDS gene 
was identified as having 1735 base pairs (bp) . A probe for identifying 
the Synechocystis acetohydroxyacid synthase (AHAS) gene was 
generated by PCR with degenerate primers. A genomic library from 
Synechocystis PCC 6803 in the Lambda ZAP vector was screened for 
the AHAS gene. The phagemid DNA obtained for the library screening 
process was labeled pSyn23/l. pSyn23/l was double digested with the 
restriction enzymes EcoRI and Cla I to produce a 3 kb fragment. The 
isolated fragment was ligated into pBluescript II and transformed into 
DH5 alpha, giving pSyn23/l-I. This AHAS clone was sequenced using fmol 
DNA Sequencing System and a set of eight gene-specific primers plus the 
T3 sequencing primer located in the pBluescript II vector. The resulting 
sequence of a large subunit of AHAS comprised 1909 bp. A 
Synechocystis AHAS small subunit nucleic acid fragment was also 
cloned from a genomic DNA library of cyanobacterium Synechocystis 
PCC 6803. The resultant Synechocystis sp . Strain PCC 6803 
revealed a sequence comprising 566 bp. (70 pages) 
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Complementation of an E. coli mutant auxotrophic for the branched-chain 
amino acids (BCAA) - -valine, leucine, and isoleucine- -by the ilvG gene ( 
slr2088) of the cyanobacterium Synechocystis PCC6803 indicates 
that this gene encodes an active alpha- ace tohydroxy acid 
synthase. Differences of response of the recombinants to the 
addition of the essential amino acids suggested a lower specificity for 
the initial reaction of the valine/leucine chain than for the isoleucine 
one. Inactivation of ilvG in Synechocystis led to a leaky 
phenotype, suggesting a capacity to compensate the auxotrophies by other 
processes. This observation is discussed in view of the general 
difficulty of obtaining auxotrophs in cyanobacteria . 
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AB Protein splicing in trans has been demonstrated both in vivo and in 

vitro by biochemical and immunological analyses, but in vivo production of 
a functional protein by trans- splicing has not been reported previously. 
In this study, we used the DnaE intein from Synechocystis sp , 
strain PCC6803, which presumably reconstitutes functional DnaE protein by 
trans-splicing in vivo, to produce functional herbicide-resistant 
acetolactate synthase II (ALSII) from two unlinked gene fragments in 
Escherichia coli. The gene for herbicide-resistant ALSII was fused in 
frame to DnaE intein segments capable of promoting protein splicing in 
trans and was expressed from two compatible plasmids as two unlinked 
fragments. Cotransf ormation of E. coli with the two plasmids led to 
production of a functional enzyme that conferred herbicide resistance to 
the host E. coli cells. These results demonstrate the feasibility of 
expressing functional genes from two unlinked DNA loci and provide a model 
for the design of nontransferable transgenes in plants. 
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AB Several characteristics identify the protein encoded by the alsS gene 
[slll981 in Cyanobase (http://www.kazusa.or.jp/cyano/cyano. html)] of 
Synechocystis PCC6803 as an acetolactate synthase. The AlsS 
protein is about 60% homologous to the AlsS from Bacillus subtilis or 
other bacteria. These enzymes condense two pyruvates to form 
acetolactate, implicated in pH homeostasis via the acetoin-2, 3-butanediol 
pathway or in valine biosynthesis. Transcriptional fusions revealed that 
alsS was induced at the onset of stationary phase, as in B. subtilis, a 
situation leading to an increase in the pHout to above 11 in 
Synechocystis. This is the first cyanobacterial gene showing a 
dependence on pH for its expression. Induction was also obtained by the 
presence of > 100 mM Na+, the effect being prevented by amiloride, in 
agreement with Na+/H+ exchange in the pH homeostasis process. Homology of 
the Synechocystis AlsS protein to the close family of 
acetohydroxy acid synthases (including one in 

Synechocystis) is around 30%. These enzymes are involved in the 
parallel routes for valine/leucine and isoleucine biosynthesis. No 
phenotype of auxotrophy for any of these amino acids was associated with a 
null mutation in the Synechocystis alsS gene. The AlsS enzyme 
did not complement the isoleucine deficiency of an acetohydroxy 
acid synthase-def icient Escherichia coli mutant. 
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